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Germ cellsAbstract Recent studies on stem cells differentiation into germ cells have changed scientists’
attitude to reproductive problems as well as infertility topics. It is supposed there are promising
and new approaches in treatment of infertile couples and numerous advances will be made in repro-
ductive medicine in near future. Application of embryonic stem cells for clinical trials is limited due
to high potent of tumorogenicity and ethical issues. Therefore, pluripotent cells taken from adult
tissues or organs, could be a good alternative for gamete production. Herein, we hypothesize to
stimulate human endometrial stem cells (hEnSCs) differentiation into germ cell-like cells by cultur-
ing in retinoic acid (RA) as 2D medium and then in fibrin as 3D scaffold. Germ cell markers such as
DAZL, DDX4 and Dppa3, will be assessed by immunofluorescence and real-time PCR. Fibrin
mechanical properties will be examined by rheology analysis and cell viability will be determined
by MTT assay. Specific markers expression and the cells’ integrity will be detected by immunoflu-
orescence staining and SEM analysis respectively. We suggest differentiation of hEnSCs into germ
cell-like cells in a medium containing 105 M RA in which the specific markers were expressed
properly in both 2D and 3D medium cultures. Additionally, fibrin scaffold will offer a proper
3D scaffold for hEnSCs-derived germ cell-like cells.
 2015 Tehran University of Medical Sciences. Published by Elsevier Ltd. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).logies in
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According to World Health Organization definition Infertility
is ‘‘a disease of the reproductive system defined by the failure
to achieve pregnancy after 12 months or more of regular unpro-
tected sexual activities”. Infertility in a couple who have never
had a child is known as primary infertility. Failure to conceive
following a previous pregnancy is known as secondary infertil-
ity. Infertility may be caused by infection in the man or woman.
Assisted Reproductive Technology (ART) has been developed
as new methods of infertility treatments [1]. The latest method
is stem cell applications for the purpose of infertility treatment
and in vitro production of gametes [2,3].
Recent studies showed that a good alternative for the pro-
duction of germ cells in the laboratory is adult stem cell
obtained from human endometrial tissue with its pluripotent
characteristics. To date, hEnSCs differentiation to germ cell –
like cells has not offered and this study presents a novel hypoth-
esis of germ cell – like cells differentiation with its markers
expression both in ICC and real-time PCR for the first time.
The fibrin gel would preserve a suitable 3D hydrogel struc-
ture as a viscoelastic material. Viability of differentiated cells
will be examined through MTT test, in order to prove no evi-
dence of toxicity. To have the microstructure of fibrin as a 3D
mesh, SEM images will be taken in which nano-fibers cross
and entangle with high porosity for nutrient transfer and cell
penetration. Finally immunohistochemistry will show that dif-
ferentiated hEnSCs to germ cell – like cells reserve their nature
as positive expression of DAZL and DDX4 markers were evi-
dent in suspended cells after 7 days in culture.
Hypothesis
In recent years, stem cell therapy has offered novel therapeutic
strategy to managing infertility and reproductive disorders and
scientists have concentrated on them to produce gametes
in vitro [4]. They demonstrated that mouse embryonic and
bone marrow stem cells can be differentiated into oocyte-likeFig. 1 Schematic presentacells and male germ cell-like cells respectively, which express
germ cell specific markers [5,6]. Other studies showed derived
human male germ cell-like cells from bone marrow stem cells
in RA culture medium [7,8]. Human EnSCs are readily
available sources of adult stem cells in the uterus which are
multipotent and express CD146 marker [9]. We postulate the
suitable conditions which promoted hEnSCs differentiation
into germ cell-like cells by adjusting the best concentration
of RA in 2D medium. Afterwards, the differentiated cells will
be cultured in a 3D fibrin scaffold and their viability and prop-
erties will be evaluated (Fig. 1).
Discussion
Evaluation of the hypothesis
The hypothesis can be evaluated by using flow cytometry for
detection CD146, CD90 as stem cell markers in the isolated
endometrial stem cells. The next step is to investigate the ability
of human endometrial adult stem cells to differentiate into the
germ cell-like cells .For this purpose the endometrial stem cells
will be induced by RA by optimum concentration of 105 M
after 7 days. Then, characteristic cell markers such as Dazl,
DDX4 and Dppa3 will be determined by immunofluorescence
and real- time PCR assays. After encapsulating the hEnSCs-
derived germ cells in fibrin gel, cell differentiation and viability
will be assessed by culturing for 7 days subsequently. Structural
andmechanical properties of the fibrin scaffoldwill be examined
by rheological analysis and the porosity will be examined by
SEM. Also viability of cells will be analyzed using MTT assay.
Endometrial stem cells versus other sources of stem cells
Human endometrium undergoes cycles of growth and regres-
sion, extensive restructuring and remodeling during the female
reproduction life [10]. Human EnSCs are readily available
sources of adult stem cells in the uterus and can be highlighted
for their multipotent and differentiation properties [9]. Theirtion of our hypothesis.
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invasive through isolation process [12], clonogenicity [13,14],
capability to differentiate into adipogenic cells [13] and into 3
embryonic layers [15], angiogenesis potential [16], rapid dou-
bling rate compare to dental pulp stem cells or bone marrow
stem cells and normal karyotype after 34 time passages [13] all
these properties have made them more convenient than other
sources of stem cells. Therefore, these cells may be an applied
key to success in reproductive biology and regenerative medi-
cine. To obtain differentiated lineages from stem cells, RA
has been found signaling molecules [17,18]. It is biologically
the active form of vitamin A, acts by binding to nuclear RA
receptor [19] and induces cells entry intomeiotic phase in genital
crest located in the central region of the mesonephros [19,20].
An appropriate scaffold as 3D culture medium
To find a suitable scaffold to encapsulate germ cell- like cell into
and support its characteristics and viability, fibrin would be a
proper biological polymer for cell delivery and tissue engineer-
ing applications [21]. It consists of high amount of microfibrils
made by the catalytic enzyme of thrombin [21,22]. Significant
advantages of fibrin hydrogel include low cytotoxicity effect,
good elasticity and flexibility, high seeding efficacy, and
homogenous cell distribution [23]. Binding to growth factors,
and enhancing cell growth and viability as well as differentiation
are other advantages of fibrin hydrogel [22]. Considering all
structural, chemical, and mechanical properties of fibrin, these
make it a precise polymer for subsequent tissue engineering [21].Overview box:
 First question: What do we already know about the
subject?Recent studies show that gametes can be
obtained in culture and the outlook of overcoming
all types of sterility is more realistic than was thought.
However, no viable embryos were produced in any of
those studies. Therefore, more advanced research
methods are required to produce capable gametes
in vitro and afterwards apply them in vivo.
 Second question: What does your proposed theory add
to the current knowledge available, and what benefits
does it have?Human EnSCs is more available than
the other adult stem cells and we suppose their potency
to differentiate into germ cell-like cells. Also we expect
fibrin as a biocompatible hydrogel with low cytotoxic-
ity effect and well binding to growth factors, to define a
constructive influence on differentiated cells.
 Third question: Among numerous available studies,
what special further study is proposed for testing the
idea?We propose that fibrin hydrogel could offer a
suitable 3D scaffold for hEnSCs-derived germ cell-
like cells regarding tissue engineering of gonads. The
point is whether it could be applied for infertile
patients. It is now remains to determine whether germ
cells-like cells produced in vitro are capable of produc-
ing healthy offspring. Therefore, further studies such
as invivo trails are required.Conﬂict of interest
None declared.
References
[1] Kamel RemahMoustafa. Assisted reproductive technology after
the birth of Louise Brown. J Reprod Infertil 2013;14(3):96–109.
[2] Hu¨bner K, Fuhrmann G, Christenson LK, Kehler J, Reinbold
R, Fuente RDL, et al.. Derivation of oocytes from mouse
embryonic stem cells. Science 2003;300:1251–6.
[3] Nayernia K, Nolte J, Michelmann HW, Lee JH, Rathsack K,
Drusenheimer N, et al.. In vitro differentiated embryonic stem
cells give rise to male gametes that can generate offspring mice.
Dev Cell 2006;11:125–32.
[4] Nayernia K, Nolte Jessica, Michelmann Hans W, Lee Jae Ho,
Rathsack Kristina, Drusenheimer Nadja, et al.. In vitro
differentiated embryonic stem cells give rise to male gametes
that can generate offspring mice. Dev Cell 2006;11:125–32.
[5] Hu¨bner K, Fuhrmann G, Christenson LK, Kehler J, Reinbold
R, DeLaFuente R, et al.. Derivation of oocytes from mouse
embryonic stem cells. Science 2003;300(5623):1251–6.
[6] Nayernia K, Li M, Engel W. Spermatogonial stem cells. In:
Schatten H, editor. Germ Cell Protocols: Methods Mol Biol,
vol. 253. Totowa, NJ: Humana Press Inc.; 2003. p. 105–20.
[7] Drusenheimer N, Wulf G, Nolte J, Lee JH, Dev A, Dressel R,
et al.. Putative human male germ cells from bone marrow stem
cells. Soc Reprod Fertil Suppl 2007:63–76.
[8] Mazaheri Zohreh, Movahedin Mansoureh, Rahbarizadeh
Fatemeh, Amanpour Saied. Different doses of bone
morphogenetic protein 4 promote the expression of early germ
cell-specific gene in bone marrow mesenchymal stem cells. In
Vitro Cell Dev Biol-Anim 2011;47(8):521–5.
[9] Niknamasl A, Ostad SN, Soleimani M, Azami M, Salmani MK,
Lotfibakhshaiesh N, et al.. A new approach for pancreatic tissue
engineering: human endometrial stem cells encapsulated in fibrin
gel can differentiate to pancreatic islet beta-cell. Cell Biol Int
2014;38(10):1174–82.
[10] Papageorgiou I, Nicholls PK, Wang F, Lackmann M, Makanji
Y, Salamonsen LA, et al.. Expression of nodal signalling
components in cycling human endometrium and in
endometrial cancer. Reprod Biol Endocrinol 2009;7:122.
[11] Krause DS, Theise ND, Collector MI, Henegariu O, Hwang S,
Gardner R, et al.. Multi-organ, multi-lineage engraftment by a
single bone marrow-derived stem cell. Cell 2001;105(3):369–77.
[12] Gargett CE, Schwab KE, Zillwood RM, Nguyen HP, Wu D.
Isolation and culture of epithelial progenitors and mesenchymal
stem cells from human endometrium. Biol Report
2009;80:1136–45.
[13] Ai J, Shahverdi AR, Barough SE,Kouchesfehani HM,Heidari S,
Roozafzoon R, et al.. Derivation of adipocytes from human
endometrial stem cells (EnSCs). J Reprod Infertil 2012;13(3):151.
[14] Ebrahimi-Barough S, Norouzi Javidan A, Saberi H, Joghataei
MT, Rahbarghazi R, Mirzaei E, et al.. Evaluation of motor
neuron-like cell differentiation of hEnSCs on biodegradable
PLGA nanofiber scaffolds. Mol Neurobiol 2014 [in press].
[15] Mobarakeh ZT, Ai J, Yazdani F, Sorkhabadi SMR, Ghanbari
Z. Human endometrial stem cells as a new source for
programming to neural cells. Cell Biol Int Rep 2012;19(1):7–14.
[16] Esfandiari N, Ai J, Khazaei M, Javed M, Gotlieb L, Casper RF.
Effect of a statin on an in vitro model of endometriosis. Fertil
Steril 2007;87(2):257–62.
[17] Ebrahimi-Barough S, Hoveizi E, Norouzi Javidan A, Ai J.
Investigating the neuroglial differentiation effect of
neuroblastoma conditioned medium in human endometrial
Differentiation of human endometrial stem cells into germ cell – Like cell in fibrin scaffold 93stem cells cultured on 3D nanofibrous scaffold. J Biomed Mater
Res A 2015;103(8):2621–7.
[18] Ebrahimi-Barough S, Massumi M, Kouchesfahani HM, Ai J.
Derivation of pre-oligodendrocytes from human endometrial
stromal cells by using overexpression of MicroRNA 338. J Mol
Neurosci 2013;51(2):337–43.
[19] Koshimizu U, Watanabe M, Nakatsuji N. Retinoic acid is a
potent growth activator of mouse primordial germ cells in vitro.
Dev Biol 1995;168:683–5.
[20] Beck J, Angus R, Madsen B, Britt D, Vernon B, Nguyen KT.
Islet encapsulation strategies to enhance islet cell functions.
Tissue Eng 2007;13(3):589–99.[21] Janmey PA, Winer JP, Weisel JW. Fibrin gels and their clinical
and bioengineering applications. J R Soc Interface 2009;6:1–10.
[22] Yasuda H, Kuroda S, Shichinohe H, Kamei S, Kawamura R,
Iwasaki Y. Effect of biodegradable fibrin scaffold on survival,
migration, and differentiation of transplanted bone marrow
stromal cells after cortical injury in rats. J Neurosurg
2010;112:336–44.
[23] Cox S, Cole M, Tawil B. Behavior of human dermal fibroblasts
in three-dimension fibrin clots: dependence on fibrinogen and
thrombin concentration. Tissue Eng 2004;10:942–54.
